VI. Conventional Systems
Conventionalsystemscover a broad range aupport systems fothe operation of the&eMC.
These systems are:
* low voltage DC power for the front end electronics and associated transmission lines
» Cooling systems for all electronics (i.e., power supplies, crates, FEE, SMD etc.)
* HV for SMD and HV transmission and distribution lines
* Gas system for SMD
A series of general requirements are imposed on all of the above systems by:
* BNL and RHIC safety requirements
* STAR Detector constrain{®.g., integrationissues, grounding rule§TAR slow control and
monitoring requirement etc.)
In this section we will define only those requirements specific to EMC subsystems.

VI.1.1 Low voltage DC power for FEE

Due to space constraints it is not possiblbéawe self powered crates tre iron backlegs where
the FEE crates will be mounted. Therefore, DC power will be supplied from power supqdies! in the
electronics racks.

Table VI.1 gives the total power requirement for the STAR EMC.

System power requirement Total power Voltages

EMC FEE crates 60 crates@900 watts/crate 54 KW +5
SMD on board FEE 120 modules @30 watt/mod. 3.6 kW +5
CW PMT bases 4800 bases @ 0.25 watt/base 1.2 kW +12
calibration sys. LED, *°Co sources 1 kW 1kw +12
SMD gas system 10 watt@120 mod. (elec. valves) 1.2 kW +24
cooling system DC fan trays (estimated) 2.0 kw +24
misc. slow control / monitoring system 1.0 kW +12
reserves about 20% of total at each voltage 10 kw +5 +12

Table VI.1. DC power requirements of various EMC sub-systems.

Power supply outputs shall be regulated diree and temperature, and hardware curtieniting will be
implemented. Conducted noise due power supplieswill not contribute to the degradation of FEE
operation.

The voltages, currents, and temperatures for all DC power supplies shall be monitorgolvand
supplies shall beemotely controlled via STARIow controls. All power supplies irthe racks shall be
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cooled using the standard STAR water chilled heat exchangsyésams. Due tolarge currents,voltage
losses in the transmission lines are expected to be afrdee of 1 voltthereforeall electronics load will
have adequate ohoard filtering andvoltage regulation. Furthermorethey will have built in fault
protection to protect the circuitry against inductive “kicks”.

VI.1.2 Cooling for the FEE Electronics
Due to the large amount of power dissipation of the FEE it is important to coolsjsteens. The
FEE modules located on the crates installed on the magnet backlegs will be cooled bgirfofted SMD
FEE shall be cooled by forced air as well. In order to maintain the gain stability and reduce dark current of
the PMTs the temperature in the PMT boxes shall be monitored and akli¢drclosed cooling system
will be used to maintain the PMT temperature changes to less than 2 degrees C.
All external pipes carrying gas/air to tB&D modules shall be@on conductive(i.e. copper pipes
will pick up the magnet power supply noise and may couple it to the SMD FEE electronics).

VI.1.3 HV Power for SMD

HV power shall be supplied witlow noise power supplies tavoid injection of conducted HF
noise intoFEE. All supplies shall beemotely controlled via STARIow controls.Adequate capacitive
filtering will be implemented as close to the SMD modules as possible to reduce voltage fluctuations due to
transient and avoiding gain fluctuatioriBhe voltages, currentsand temperaturetor all HV power
supplies shall be monitored, and power supplies shall be remotely controlled via STAR slow controls. The
HV transmission lines shall not cause ground loops.

VI.1.4 SMD Gas System

The SMD gas system shall have a two function.

1. it will be used to supply nitrogen gas to 120 SMD modules for flushing the system, and

2. as well as supplying the Ar/C@remixed mixture for normal operation.

The gas systenwill be un-interruptable, and have enouggs capacity torun for severalweeks
without the need toeplace thegas cylindersThe gas systenshall be clean. Oxygen and water vapor
impurities shall remairbelow 100 ppm.The totalgas flow rate, and flow througimdividual SMD
modules shall be monitored. The SMD gas system shall not supply a current return path fale85AdR
(i.e., mainsupplyline to the Wide Angle hall wilstop short othe STAR detector to avoid appreciable
capacitive coupling, and the connection to STAR shall be via plastic nonflammable/nonconducting pipes).

V1.2 Discussion of Systems
The Cooling ofPMT boxes hadeendiscussed irChapter V therefore it will not bdiscussed
here.

VI1.2.1 Low Voltage DC Power Supplies and Distribution Lines

The choice of having DGupplies athe racks isdictatedby: 1) lack of adequate space on the
backlegs, 2) the fact that AC power is awtilable on the detect@o avoidground loop problems), and
3) thefact thatdue to presence ahagneticfields it is expectedhat the magneticomponents oAC-DC
converters supply may saturate.

Two different schemes have been considered. From an economic point of view it igtiractiee
to chose a few high-density power supplies (i.e., 10 k\@en higher) tgoower severalcrates.While it
is functionally better to decouple the power transmission lines to avoid conaaléxdependent problems
(which could render the system less reliable and unpredictable), it would be possdniefudly design a
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power grid to avoid most of these problems. In what followsmilledescribe onescheme, whichutilizes
individual, isolatedpower supplies to powesachFEE crateThe advantage dhis topology isthat it is
less susceptible to noise.
Isolated DC
power Supplies

100’ AWG 0/2 cable

L EMC Slow Control
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Figure VI.1. A power supply system for FEE crates.

Figure VI.1 shows aonceptuablesign of a lowvoltage DCpower supply system fahe FEE
crates. There will be 60 such supply systems arranged in small dedicatedhcusies inthe EMCracks.
Due to the long power transmission lines and large currents involved gptaxge loss iexpected in the

transmission lines. For example it is estimated that each FEE crate will dissipate about 900+8aB€ of
power. Therefore, the total DC current is 900 watts/5 volts= 180 amps. If we further assume that 125 A of

this is in + current, and use AWG 2/0 wife £ 0.3648” resistance/1000’ 8.08021 @ 2¢C)" andfinal
operating temperature of 4D then the resistance for a 100’ cable &CAB given by:

R(T) = Ry(1 +0,(T - 20))

For hard drawrcoppera,,=0.003937C, andR,, (100’) = 0.008021Q, R(40°C) = 0.00865Q. This

gives avoltagedrop of AV=1.1 Volts/conductor. Allowingfor 2 volt drop for linea’ regulators at the

crates, and 2.2 volt drop in the transmission lines one requires power supply voltage of 9.2 volts.
The power dissipation per conductavill be 135 watts distributed ovet00’. The total heat

dissipated by DC power transmission conductors for Eakes16.2 kW. This will be handled by the

! “Reference Data For Engineers: Radio, Electronics, Computer, and Commurnic8tioesl., editor M. E. Van
Valkenburg, SAMS, prentice Hall Computer Publishing.

2 switching regulators are avoided due to possible saturation of their magnetic components in the stray magnetic
field.
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main air conditioning of the wide angle hall. Assuming 80% efficiency for the power supplies, one obtains
heat dissipation of 286 watts/positive DC supply or a total of 17.2 kW.

For the negative DC supply if we chose AWG 2 wirk £ 0.2576"resistance/1000" ©.1625 @

20°C)?, one obtains for a 100’ cable at@0a resistance d.0176Q. This gives avoltagedrop of1.14
volts. Again allowing for 2 volt drop ithe regulators an#.3 volts in the transmission lines one needs a
power supply output of 9.3 volts. The total power dissipation duB@ypower transmissiotines is 8.9
kW. The total negative DC power supply dissipation (usigassumptions givefor + DC power), is 9
kW.

In addition to the FEE in therates,the SMDmodules will require 30 watts/module 4% volts.
Due to the large number of SMD modules it is more prudent to use single power supply tonpdipker
modules. A SMD conventional system distribution box will handle filtering/regulation of DC power on the
iron backleg, and transmission of regulated power to the module. The detailsaretbmingvorked out
at this time.

The power forthe CW baseswill be derived from+12 volt DC supplies. The total power is
estimated to be 1.2 kW for 4800 PMTs or 4.8 kW #eaer is to be employed between the photocathode
and the first dynode stages. If we take the 4800 as an upper limit this gives 80 watts per PMT box (i.e., 60
PMT bases/box). This isquivalent t06.7 Athat will be bussedinside the PMTboxes. The details of
power bussand its integration are beirgsigned. The headeposited by the PMibases asvell as the
LED drivers andthe coolingfans locatedinside theboxeswill be removed by a water-chillebeat
exchanger. This was discussed to s@xtent in sectiorV.4. Further work orthe integratiorissues on
this matter is pending.

V1.2.2 Cooling for FEE Electronics

The FEE electronickoused irthe crates on the backlegs will be cooleith fan trays. This is a
fairly large heat load that ordinarily will have to be handled by dedicated dgstain watechilled heat
exchangers. However, due lazck of spacehis can not bedone. Therefore the heat load will have to be
handled by the WAH A/C system.

The SMDelectronics will be locatethside the STARmagnet. In order to cool it pressurized air
will be pumped into the SMD electronics air-cooled heathangers via plastivoses.The hot air will be
removed via outlet hoses and vented into the WAH.

V1.2.3 HV Power for SMD

The HV for SMD modules will be supplied with &w noise BERTAN power suppliesThese
power supplieswill be mounted in theEMC racks, and will controlled and monitored viaBMC slow
controls.Filtering and distribution of the HV taarious module will be done by 60 (2 pescklegeach
located on the end of the detectBNID conventionalsystems boxemstalled on theron backleg. Some
details of the design of these “Utility” boxes will be discussed in the next section.

VI1.2.3 The SMD Gas System

Some details ofjas system antthe requiredyassesand theirflow rates have been given in the
previous chapters. In thisection we will only present some details the gas manifold, and the
distribution system.

3 “Reference Data For Engineers: Radio, Electronics, Computer, and Communic8tiorsl., editor M. E. Van
Valkenburg, SAMS, prentice Hall Computer Publishing.
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Figure VI1.2. The gas supply manifold.

The SMD gas system may be broken down into three parts:
* The gas supply manifold
» The gas distribution system
* The slow control system to control and monitor the gas system.

Figure V1.2 is schematic of a preliminary design for the gas supply manifold. As seen in this figure
the manifold consists of twoindependenigas systemspamely a premixed Ar/CQOun-interruptable
manifold and a Nflushing gas manifoldOnly one of thesgas manifoldsnay be connected to timsain
supply line at a given time. The rough filtering section is designed to reoicsed dust particles while a
second level of filtering will remove the remaining water vapor and oxygen gassgx.e$hare and flow
rates will be monitored and controlled at all times. Both the gas sapptipn and the filtering section are
designed suclhhat one may replace cylinders and filtensthout interrupting themain gas flow, or
injecting impurities into the main system.

The gaswill be supplied tathe detector via a 2" coppeipe. Thisline will be split intotwo 1”
high-pressurelastichosesthat will distribute thegas toeachend of themagnet. Atthat point each 1”
diameter pipe will be connected to the irpetrt of one ofthe SMD *“utility” boxes. Each *“utility” box
consists of an inlet and outlet. These boxes will be daisy chained by contleetmgletport of one box
to the inlet of the next via flexible plastic tubing. Tpressure droppetween thdirst box andthe last will
be less a fraction gfsi due to low flowrates in theSMD. The advantage dhis system is it$lexibility
and expandability. Internallgachbox hasseveralfunctions. Asmentioned earlier it will beused to
distribute LV, HV, pressurized cooling air for SMD FEE cooling and fintiéy distribution of thegas to
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the SMDand monitoring oflow rateout of themodules. Figure VI.3 showsome ofthe details of the
utility box and its “daisy chained” arrangement at one end of STAR magnet iron backlegs.
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FigureV1.3. Top: conceptuatiesign ofthe SMD utility box, Bottom: arrangement of 30 utilitijoxes at
one end of the detector.

The third major part of the SMD gas systenthisslow control and monitoring of theystem. As
mentioned earlier the gas pressure, and flow rate will be monitored for the main supply didéitibm as
seen in figure VI.3, the outlet gas from each module will be channeled through a butdaler by use of
a photocell, the bubbling rate will be monitored via the slow control bus.

In order tooperate thesystem in flushingnode(i.e., use nitrogen to fluslair and watewvapor
from the SMD), onewill need touse higher flowrates. Thisnay be accomplished by either: 1) keeping
the “utility” box outlet (toSMD) orifice the sam@nd increase thgas pressure, or 2) use alectrically
controlled solenoid valve wittwo outlets withtwo different orifices to switch from highdlow rates to
lower ones.
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